Introduction
Pseudobulbar affect (PBA) is a disorder of emotional expression that occurs secondary to neurologic disorders or injuries affecting the brain and is characterized by frequent, disruptive, and uncontrollable outbursts of laughing and/or crying that are independent of mood and out of proportion or incongruous with social context. [1] [2] [3] PBA is believed to arise from midline or bilateral brain injury, degenerative processes, or lesions involving pathways that regulate affect or emotional expression. Lesions of various etiologies (inflammatory, ischemic, hemorrhagic, or neurodegenerative) involving the corticobulbar tracts, basal ganglia, and multiple, bilateral cortical structures have been associated with the uncontrollable laughing or crying of PBA. 4, 5 PBA episodes are usually upsetting and embarrassing for patients and family members and may adversely affect life situations. [1] [2] [3] 6 Patients have reported that laughing and crying episodes have contributed to job loss, isolation from friends and family, and even nursing home placement. 6 Published estimates of PBA symptom prevalence in dementia range from 9% to 39% depending on definition and method of ascertainment. 5, 7, 8 However, the condition may go undiagnosed, possibly due to low awareness by patients and caregivers and diagnostic confusion with depression or other neuropsychiatric conditions. 3, 7 PBA diagnosis is based on clinical history and neurologic examination. Key features include uncontrollable, stereotypical laughing and/or crying episodes that can last seconds to several minutes, occur multiple times per day, and result in clinically significant distress. 2 PBA episodes are typically triggered by mildly emotional events that would not ordinarily elicit a profound response. Signs of pseudobulbar palsy (hyperactive jaw jerk, exaggerated gag reflex, tongue weakness, dysarthria, and dysphagia) 2 may be present but are not required for a diagnosis. 2, 9 The principal differential diagnosis of PBA with crying episodes is depression. However, unlike depression, patients with PBA are not necessarily sad, nor do they cry because of depressed mood. Conversely, clinical depression is not characterized by frequent stereotypical crying episodes. In patients with dementia, where laughing or crying episodes and associated mood state may be difficult to discern because of cognitive impairment, establishing a PBA diagnosis may be reliant on caregiver reports, the observable characteristics of crying and/or laughing spells, the relationship of episodes to social context, and the level of disruption caused by the episodes.
The fixed combination of dextromethorphan and quinidine (DM/Q; NUEDEXTA ® [Avanir Pharmaceuticals, Inc., Aliso Viejo, CA, USA]) 10, 11 is the only therapy with regulatory approval for PBA treatment. Although antidepressants have shown effectiveness in studies evaluating their use for treatment of PBA-like symptoms, the level of clinical evidence supporting their use is suggestive, not definitive, and mostly has been confined to studies of patients with emotionalism, with or without depression, following stroke. A Cochrane Review concluded that although some studies of antidepressants showed large treatment effects, confidence intervals were wide and methodological difficulties prevented definitive recommendations regarding their use. 12 Methodological difficulties of these studies have included the use of small sample sizes, lack of adequate treatment concealment, lack of standardization of measures to diagnose PBA or its change over time with treatment, depression as a confounding condition, and lack of systematic collection of adverse event data. [12] [13] [14] Dextromethorphan, the active component of DM/Q in the central nervous system, is pharmacologically a weak, uncompetitive N-methyl-D-aspartate receptor antagonist, a moderate-affinity sigma-1 receptor agonist, a serotonin and norepinephrine reuptake inhibitor, and an α3β4 neuronal nicotinic receptor antagonist. [15] [16] [17] Quinidine is a potent inhibitor of cytochrome P450 2D6 (CYP2D6). Dextromethorphan typically has poor central nervous system availability owing to rapid CYP2D6 metabolism to dextrorphan; however, in the presence of low-dose Q (10 mg), systemic exposure to DM is elevated approximately 20-fold and dextrorphan exposure is reduced, 11 thereby altering the pharmacokinetic and pharmacodynamic profile of DM and enabling therapeutic central nervous system exposure. In a controlled clinical trial, DM/Q was significantly more effective at treating PBA symptoms than DM or Q administered alone. 18 Controlled studies leading to DM/Q approval were conducted in patients with PBA secondary to amyotrophic lateral sclerosis (ALS) or multiple sclerosis (MS). 10, 18, 19 Additionally, a large (N = 553), 52-week safety trial of a higher DM/Q dose enrolled patients with PBA across multiple etiologies but only a relatively small number of patients with dementia (n = 17), stroke (n = 51), or traumatic brain injury (TBI; n = 23). 20 Since DM/Q became commercially available in 2010, an estimated 42,000 patient-years of exposure across distinct patient populations with PBA have provided information on DM/Q safety; nonetheless, data from more controlled clinical experience in specific populations are desirable.
The Pseudobulbar Affect Registry Investigating Symptom Management II (PRISM II) trial was conducted to gain additional safety, tolerability, and effectiveness data on DM/Q for the treatment of patients with PBA secondary to dementia, stroke, or TBI, thus expanding the evidence with DM/Q in 3 additional neurologic conditions commonly associated with PBA. The PRISM II dementia cohort was completed on July, 15, 2014, and the results are reported here. The stroke and the TBI cohorts are ongoing and will be reported separately.
Methods

Study design
PRISM II (clinicaltrials.gov identifier: NCT01799941) was an open-label, 90 Day, US-based multicenter trial enrolling adults aged ≥18 years with PBA secondary to dementia, stroke, or TBI. The study was conducted according to Good Clinical Practice and the Declaration of Helsinki. All patients received DM/Q 20/10 mg twice daily (once daily during Week 1). Clinic visits occurred at baseline and at Days 30 and 90 or early termination, with a phone visit at Day 60.
Patients
Patients were eligible for enrollment if they had a clinical diagnosis of dementia (including Alzheimer's disease [AD] or vascular, Lewy body, or frontotemporal dementia), and a clinical diagnosis of PBA based on published criteria. 2 PBA was defined by episodes of involuntary or exaggerated emotional expression (ie, laughing or crying) that resulted from a brain disorder, represented a change from the person's usual emotional reactivity, were incongruent with or in excess of the person's corresponding mood state, and were independent or in excess of any provoking stimulus, with symptoms not being better accounted for by another neurologic or psychiatric disorder or the direct physiologic effect of substance abuse or medication. Patients were also required to have a Center for Neurologic Study-Lability Scale (CNS-LS) score ≥13 21 and a stable, non-rapidly changing neurologic condition for ≥3 months preceding enrollment. Stable doses (≥6 weeks) of memantine or acetylcholinesterase inhibitors and stable doses (≥2 months) of antidepressants or medications for affective/behavioral or emotional symptoms were allowed. All patients (or authorized individuals) provided written informed consent. Patients who were unable to complete study measures were required to have a caregiver who could complete the measures on their behalf; a caregiver was defined as a person who spent ≥3 days of waking hours with the patient for the week prior to clinic visits (to be knowledgeable about PBA episodes).
Patients were excluded if they had severe dementia (Mini-Mental State Examination [MMSE] score <10), a recent stroke (within 3 months), penetrating TBI, severe depressive disorder, psychosis or bipolar disorder (or were residing in a mental health facility), unstable systemic disease, a very short life expectancy (≤6 months), or any labeled contraindication to DM/Q use (including QT interval prolongation). The use of DM/Q in the past 6 months, substance/alcohol abuse in the past 3 years, or participation in an interventional clinical study within the past 30 days were also exclusionary.
Outcome measures
Primary measure
The primary effectiveness outcome was change in CNS-LS 21 score from baseline to Day 90/final visit. The CNS-LS is a 7-item, self-rated questionnaire that has been validated in patients with ALS 21 and in patients with MS 22 as a quantitative measure of frequency and severity of PBA laughing and crying episodes. Four questions measure labile laughter and 3 measure labile tearfulness, with scores ranging from 7 (no symptoms) to 35 (maximum symptom severity and frequency). This scale is sensitive to change over time and sensitive to the effects of treatment, and score change corresponds well with change in PBA episodes. 18, 19, 21 In this study, the CNS-LS was completed by the patient (or caregiver as a patient proxy) at baseline, Day 30 (visit 1), and Day 90 or early withdrawal (final visit).
Secondary measures
Secondary effectiveness measures included change from baseline in number of PBA laughing or crying episodes per week (estimated for the 7 days before each clinic visit); Clinical Global Impression of Change (CGI-C) and Patient Global Impression of Change (PGI-C), rated at Day 90/final visit by the investigator and patient (or caregiver), respectively, assessing overall change in the patient's condition (with respect to PBA) on a 7-response Likert-type scale (1 = very much improved to 7 = very much worse); change from baseline to Day 90/final visit on a quality-of-life visual analog scale (QOL-VAS), consisting of an anchored, continuous line scale that assessed the impact of PBA episodes on the patient's global subjective well-being (0 = not at all affected to 10 = significantly affected) during the past week; and a single question measuring patient satisfaction with treatment, rated at Day 90/final visit on a 5-point scale (1 = very dissatisfied to 5 = very satisfied). Investigators also administered the MMSE at baseline and Day 90/final visit, 23 which is composed of 11 questions or simple tasks assessing orientation, memory, attention, and language to evaluate the patient's cognition (scored from 0 to 30). Additionally, patients or caregivers completed the Patient Health Questionnaire (PHQ-9), a 9-item scale assessing depressive symptoms at baseline, Day 30, and Day 90/final visit. The PHQ-9 is scored from 0 to 27, with higher scores indicating more severe depression.
Safety
Safety was assessed using adverse events (AEs) recorded throughout the study and clinical assessments during study visits.
Statistical analysis
The population defined for effectiveness analyses consisted of all patients who met inclusion criteria, received at least 1 dose of DM/Q, and had at least 1 post-baseline CNS-LS score. The safety population comprised all patients who received at least 1 dose of DM/Q. All data were analyzed descriptively. Effectiveness ratings at Day 30 and/or Day 90/final visit compared with baseline were also analyzed inferentially using 1-sample t-tests for rating scale measures (CNS-LS, QOL, MMSE, and PHQ-9) and a mixed-effects Poisson regression model to estimate change in PBA episode counts. The mixedeffects Poisson regression model incorporated age, gender, and time (Day 30 and Day 90) as fixed effects while allowing for individual differences in baseline episode count (a random subject effect). The percentage change in episode rate from baseline to any visit is 1 minus the appropriate time parameter (λ).
The primary analysis tested the null hypothesis that the mean change in CNS-LS score from baseline to the Day 90/final visit was equal to 0; the 95% confidence interval (CI) was also reported to enable a descriptive comparison with the CNS-LS change in the phase 3, pivotal registration trial that led to US approval of DM/Q for PBA. 10 Additional analyses included percentage of patients experiencing PBA episode remission; correlation analysis between CNS-LS score and PBA episode count and between these measures and other validated instruments at each time point; and analysis of outcomes based on respondent type (those obtained from patients vs. from caregiver proxies). Tests of significance were 2-tailed and carried out at the α = 0.05 level of significance; all analyses were completed using SAS v9.2 (SAS Institute Inc., Cary, NC, USA) or Stata v12 (StataCorp, College Station, TX, USA). All patients with complete data for the given comparison were included.
A power calculation was conducted using results from the pivotal DM/Q phase 3 trial, 10 in which mean (SD) change from baseline to Day 84 in CNS-LS was -8.2 (6.1) points for DM/Q and -5.7 (5.3) points for placebo. Assuming a SD of 6.1, and based on the use of a 2-sided, 1-sample t-test at the α = 0.05 level of significance, a sample size of 100 subjects in each of the 3 clinical diagnosis cohorts would provide 80% power to detect improvement of 1.75 points from an assumed true placebo mean change of -5.7 points (ie, a mean change of -7.45 points) and 90% power to detect an improvement of 2.0 points over the assumed true placebo mean change (ie, a mean change of -7.7 points). The assumptions of magnitude of effect and SD for the power calculation were supported by an interim analysis of this study following completion of the first 100 subjects (regardless of cohort), and determined that approximately 100 patients in each disease cohort would provide sufficient power to meet the protocolspecified endpoints and, therefore, the dementia cohort was subsequently closed with 134 patients enrolled.
AEs were categorized via Medical Dictionary for Regulatory Activities (MedDRA version 15.1) coding and reported descriptively.
Results
Patient disposition and baseline characteristics
Of the 143 patients with dementia screened, 134 were enrolled in PRISM II, received at least 1 dose of DM/Q, and were included in the safety population. Of these 134 patients, 106 (79.1%) completed the study and 28 (20.9%) terminated participation before completion (Figure 1) . The most common reasons for early termination were AEs (10.4%) and withdrawal of consent (5.2%). A total of 26 (19.4%) enrolled patients were excluded from effectiveness analyses, 16 because they did not have a post-baseline a Other dementia included dementia due to multiple sclerosis (n = 4), Parkinson's disease (n = 1), alcohol-related and vascular (n = 1), "brain cell deterioration" (n = 1), "subcortical alterations" (n = 1), unspecified causes (n = 1), and mild cognitive impairment (n = 1 
Effectiveness measures
Primary effectiveness endpoint
The CNS-LS score showed progressive and statistically significant improvement compared with the baseline mean (SD) score of 20.1 (4.2), with reductions at Day 30 of -4.6 (5.1) and at Day 90/Endpoint of -7.2 (6.0) [P < .001 for both; Figure 2 ]. This CNS-LS reduction at Day 90/Endpoint fell within the 95% CI for CNS-LS reduction seen with DM/Q (95% CI -9.48, -7.00) in the phase 3 pivotal trial conducted in patients with PBA secondary to ALS or MS and was below the lower limit of the 95% CI for the CNS-LS reduction seen with placebo in that trial (95% CI -6.77, -4.68).
Secondary effectiveness analyses
The median (min, max) PBA episodes/week decreased from 21 (0, 90) at baseline to 6 (0, 77) at Day 30 and 3 (0, 80) at Day 90/Endpoint. The frequency distributions of PBA episodes at baseline, Day 30, and Day 90/Endpoint, as well as the model-based estimates, are shown in Figure 3 .
Overall, the estimated number of PBA episodes in the week before assessment was reduced by 50.2% at Day 30 and 67.7% at Day 90/Endpoint compared with baseline (P < .001 for both; mixed-effects Poisson regression model).
Remission of PBA symptoms (defined as no reported episodes in the week before assessment) was observed in 13.0% of patients at Day 30, and 31.4% of patients at Day 90/Endpoint. On CGI-C and PGI-C, 77.5% (n = 79/102) and 76.5% of patients (n = 78/102), respectively, were rated as much improved or very much improved at Day 90/ Endpoint (Figure 4 ). Mean (SD) QOL-VAS scores improved from 6.0 (2.78) at baseline to 2. 
Relationship of patient and caregiver ratings
Safety
A total of 49 (36.6%) of the 134 patients who received DM/Q reported at least 1 treatment-emergent AE; the most commonly reported AEs were headache (7.5%), urinary tract infection (4.5%), and diarrhea (3.7%) ( Table 2 ). Most treatment-emergent and treatment-related AEs were mild or moderate in intensity. Fourteen (10.4%) patients experienced a serious AE, including 2 patients who died during the study: a 91-year-old man with a history of coronary artery disease, atrial fibrillation, and hypertension died on Study Day 10 of a myocardial ischemic event, and an 83-year-old man died of suspected cerebrovascular accident and cardiac arrest on Study Day 31. Both were deemed not related to study drug after careful review by the investigators. None of the other serious AEs were considered related to DM/Q treatment, and no serious AE type (by preferred term) was reported in more than 1 patient each. Sixteen (11.9%) patients had AEs that led to discontinuation, including the 2 patients who died.
Discussion
The PRISM II open-label study assessed the effectiveness of DM/Q for PBA in patients with dementia, stroke, and TBI. The results for the dementia cohort reported here represent the first prospectively conducted, systematic study of PBA treatment in patients with dementia, and they add to the evidence supporting DM/Q effectiveness for PBA across different neurologic conditions where PBA may occur. The significant improvement in PBA symptoms, as shown by the reductions in CNS-LS score, measuring episode frequency and severity, and PBA episode rate were clinically meaningful as reflected by clinician and patient/caregiver ratings of global improvement and improvement in a QOL measure based on the specific impact of PBA. These improvements were noted in a patient population where over half were already receiving antidepressants and 29% were receiving antipsychotics. DM/Q was also well tolerated in this elderly population, most of whom were receiving several concomitant medications (median 8 per patient), including 46% taking acetylcholinesterase inhibitors and 28% receiving memantine. Serious AEs were not thought to be related to study treatment, and few patients discontinued the study as a result of AEs. Treatment-emergent AEs were consistent with the known safety profile of DM/Q. 11 The most frequently reported AEs in this trialdiarrhea, dizziness, and urinary tract infection-occurred at a greater incidence with DM/Q than with placebo in the pivotal trial in patients with PBA secondary to ALS or MS; however, headache, nausea, fall, and somnolence occurred at a lower incidence with DM/Q than with placebo in that trial. 10 Mean MMSE scores increased slightly over the course of the trial, indicating a lack of adverse effect on cognitive function. Limitations of this study include those related to its open-label design, which allows for the possibility that observations may be influenced by bias on the part of the *CGI-C is a 7-point investigator-rated scale that assessed the patient's overall treatment response (with respect to PBA) from baseline to Day 90/Endpoint, rated as very much improved, much improved, minimally improved, no change, minimally worse, much worse, or very much worse. † PGI-C is a 7-point patient [or the patient's caregiver]-rated scale that assessed overall treatment response (with respect to PBA) from baseline to Day 90/Endpoint, rated as very much improved, much improved, minimally improved, no change, minimally worse, much worse, or very much worse. CGI-C, Clinical Global Impression of Change; PBA, pseudobulbar affect; PGI-C, Patient Global Impression of Change. DEXTROMETHORPHAN/QUINIDINE FOR PBA 457 patient, caregiver, or investigator. However, results from this trial were consistent with those of the pivotal 12-week, placebo-controlled trial in patients with PBA secondary to ALS and MS. 10 Another potential limitation is the fact that the CNS-LS was not previously validated as a measure of PBA symptoms in patients with dementia. However, baseline CNS-LS scores were consistent with baseline scores reported in other PBA clinical trials using a similar clinical diagnosis of PBA for study inclusion, and improvement in CNS-LS scores correlated with improvements in other measures performed by the investigator and caregiver, including PBA episode count, CGI-C/PGI-C with respect to PBA symptoms, and QOL-VAS ratings. Similar correlations were also observed in the previous controlled trials of DM/Q for PBA. 18, 19 Also, although it is not uncommon for a study to assess adverse events, vital signs, and other investigatorreported measures without a structured safety assessment scale, this can, perhaps, be perceived as a limitation. Further, the lack of a placebo arm limits the ability to compare reported adverse events against a control group. Still, safety findings were consistent with previously published DM/Q studies. Finally, patients with dementia may be poor informants for certain measures (ie, PBA episode recall). A comparison of ratings showed numerically larger changes for all measures except PHQ-9 (comparable) when the caregiver completed the rating on the patient's behalf; however, these differences reached significance only for PBA episode count (reduction from baseline of 77.2% based on caregiver-respondent reports vs. 57.7% for patient-respondent reports; P < .001). This analysis would suggest that the overall magnitude of change in effectiveness outcomes was not exaggerated due to poor patient recall.
Conclusion
This study demonstrated that twice daily DM/Q 20/10 mg reduced the frequency and severity of PBA symptoms in a cohort of patients with dementia as measured by the CNS-LS, the number of PBA episodes, and global measures of clinical change. This trial provides prospectively collected information on the use of DM/Q for the treatment of PBA using standard, validated clinical measurements in patient populations where limited clinical trial data were available, including elderly (mean age in this cohort was 71 years) and cognitively impaired persons. The AE profile observed with DM/Q was consistent with that previously reported for this drug combination and with the health status of this elderly population with dementia. The effectiveness and safety attributes of DM/Q in this study appear comparable to phase 3 trial results in PBA secondary to ALS or MS and are supportive of DM/Q use in PBA secondary to dementing conditions. Evidence regarding DM/Q for the treatment of PBA in patients with stroke or TBI will be reported in the near future. suggestions from authors. All authors had full access to the study data and had final responsibility for the decision to submit for publication. All authors approved the final version.
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